Background: Food sources of nutrients in young children in China have been little investigated. The objective of this study was to understand feeding patterns of young children through an analysis of food sources of energy and nutrients in the diets of infants and toddlers living in urban areas in China. Methods: This study was part of the cross-sectional study, Maternal Infant Nutrition Growth (MING). One 24-h dietary recall was completed for a total of 1409 children (infants 6-11 months, younger toddlers 12-23 months, and older toddlers 24-36 months) via face-to-face interviews with the primary caregivers. All food, beverage and dietary supplements that the child consumed on the previous day were recorded and processed with a database including data from Chinese Food Composition tables. All reported foods and supplements were assigned to one of 83 food groups developed for the study. Percent contribution of each food group to nutrient intakes was calculated.
Background
Early childhood is a time when food preferences and dietary habits are being established. The dietary patterns established during this time often persist into adulthood and have implications for developing diet-related chronic diseases later [1] , such as cardiovascular disease and diabetes [2] . Knowledge about the sources of energy and nutrients in young children's diets can help health professionals to gain a more complete understanding about their diets and the specific strategies for improvement.
Food sources of energy and nutrients in young children have been studied in the US [3] [4] [5] [6] . With a focus on the US infant and toddler population, the Feeding Infants and Toddlers Study (FITS) recently reported the sources of energy and 24 nutrients in detail and described shifts in major nutrient sources as children age [6] . Dietary sources of nutrients have also been studied in pre-school children in Belgium and Sweden [7, 8] . By comparison, such studies in China are very limited. To date, few published studies available in China only described the intake of one nutrient such as energy or fats or iron with limited information for food sources [9] [10] [11] .
The current paper describes the major food sources of energy and nutrients among infants and toddlers in China using data from the Maternal Infant Nutrition Growth (MING) study, in which one 24-h dietary recall was collected from infants and toddlers (6 to 35 months of age).
Methods

Sample design and subjects
The MING study methods and sample will be subsequently described in detail. Briefly, the MING study was a cross-sectional study to investigate the dietary and nutritional status of pregnant women, lactating mothers and young children aged from birth up to 3 years. Infants and toddlers were recruited from maternal and child care centres in 8 tier 1 and tier 2 cities in China. Subjects were recruited randomly based on the child registration list in each of the maternal and child care centres (two in each city) until the target number was reached. Final samples sizes in three subgroups were 444 children 6 to 11 months (infants), 476 children 12 to 23 months (younger toddlers) and 489 children 24 to 35 months (older toddlers).
The study was conducted according to the guidelines in the Declaration of Helsinki. All of the procedures involving human subjects were approved by the Medical Ethics Research Board of Peking University (No.IRB00001052-11042). Written informed consent was obtained from the primary caregiver of each infant or toddler participating in the study.
Data collection methods
One 24-h dietary recall was collected for each child by trained interviewers via face-to-face interviews with the primary caregiver. Interviewers asked the primary caregiver about all food, beverages and supplements that the child consumed on the previous day. Portions were estimated using measurement aids (including spoons, cups and bowls) and a picture booklet of common foods consumed in China (designed for national nutrition survey by the Centre of Disease Control in China). The information collected was then converted to weight in grams using a portion to weight conversion list for common foods. Use of nutrient supplements was also collected during the face-to-face interview with the primary caregiver as part of a general questionnaire. A list of dietary supplements commonly used in China was used to code the supplement(s) reported. The primary caregiver was also encouraged to bring the packing of the nutrient supplement to the interviewer. The information collected included the name and brand of the supplement, age when supplement was first given and the amount used.
Food records were entered and processed with a food composition database created for this study that included data from Chinese Food Composition (CFC) tables 2004 & 2009 [12, 13] and branded baby food products and dietary supplements commonly consumed in China. CFC contains information of 1773 foods with 36 nutrients. The values for both beta-carotene and retinol were available in the database, thus vitamin A was estimated in retinol activity equivalents using the following formula [14] : Retinol activity equivalents = μg retinol + 1/2 (μg beta-carotene equivalents/6).
We did not collect data on the amount of human milk fed, but simply the number of times the mother nursed during the day and estimated the amount based on published literature [15] . For infants aged 6 to 11 months fed human milk as the sole milk source, the amount of human milk was assumed to be 600 mL/day; for partially breastfed infants, the amount of human milk was estimated as 600 mL/day minus the amount of formula or other milks consumed. For breastfed toddlers aged 12 to 23 months, the amount of human milk was estimated as 89 mL per feeding occasion; and for toddlers aged 24-35.9 months, the amount of human milk was estimated as 59 mL per feeding occasion [15] .
Analytic methods
A comprehensive listing of dietary sources of nutrients was initially developed by Krebs-Smith and colleagues [16] and later expanded by other researchers [4, 17] . To make the results of the present study comparable with the information obtained in other countries, the classifications of food group were designed to be similar to those used by Fox and colleagues [6] , but at same time reflect the characteristics of the Chinese diet by having traditional, frequently consumed foods listed individually such as noodles, steamed bread and Chinese cabbages. Thus, a list of 83 food groups including two for dietary supplements were created based on similarities in nutrient content and role in the diet (Table 1) .
A total of 680 individual foods and supplements were reported by the caregivers in this study. These foods and supplements were assigned to one of the 83 groups except 16 food mixtures that were infrequently consumed such as hamburgers, pizzas, dumplings or sushi, etc. The 16 food mixtures were disaggregated into their ingredients, and the ingredients were then assigned to one of the 83 groups.
Statistical analysis
Statistical Analysis Software (version 9.2, 2008, SAS Institute, Inc, Cary, NC) was used to calculate the contribution of each food group to the overall intake of energy and nutrients. After all foods and supplements reported were assigned to one of the 83 groups, the weighted percentage contribution of each food group for all infants and toddlers was calculated by summing the amount of a given nutrient provided by each food group for all individuals and dividing by the total intake of that nutrient consumed by all individuals from all foods and supplements. Only foods/food groups that contributed over 1 % of the nutrient intake are represented including dietary supplements. Sources of energy and nutrients were assessed separately for infants aged 6 to 11 months, younger toddlers aged 12 to 23 months and older toddlers aged 23 to 35 months in descending order of contribution to overall nutrient intake.
Results
Dietary supplements
As reported by the caregivers, 57 % of the young children received dietary supplements on the day of their 24-h dietary recall. The main types of supplements used 
Energy, macronutrients and fibre
The food sources of energy are displayed in Table 2 . The top 5 energy sources for infants aged 6 to 11 months were infant formula, breast milk, rice, eggs and noodles. For younger and older toddlers, the top 5 sources of energy were growing-up milk, rice, noodles, pork and eggs. The top 5 food sources of energy contributed 69, 59 and 52 % of total energy in each of the age groups respectively ( Fig. 1 , Table 2 ), showing a decrease in milk product consumption along with an increase in dietary diversity as children grew older.
Infant formula (26 %) and breast milk (19 %) contributed 45 % of total energy among infants. Rice and noodles were major contributors to energy, together providing an additional 17 % of calories. Infant formula was replaced by growing-up milk as the number one and number two source of energy among younger and older toddlers respectively. Rice became the number one source of energy among older toddlers and was number two among the younger toddlers. Other foods in the top five sources of energy included noodles, pork and eggs ( Fig. 1 and Table 2 ). After the top 5, other food sources of energy were infant cereal (infants only), oil/other fats, pancakes/ sesame seed cakes and milk and bread/biscuit ( Table 2 ).
The top 5 food sources of energy were also the major sources of protein contributing 69 to 50 % among the three age groups ( Fig. 1 and Table 3 ). Infant formula and growing-up milk were the number one sources of protein among infants and younger toddlers respectively. Eggs were the most important non-milk source of protein, with the contribution ranging from 15 to 18 % (Table 3) . Rice, pork, fish/shellfish/shrimps and noodles were other major sources of protein.
Infant formula was the leading source of carbohydrate (21 %) among infants while growing-up milk was the number two and number three source of carbohydrate among younger and older toddlers respectively ( Fig. 1 and Table 4 ). Rice was the number two source of carbohydrate among infants (16 %) and then became the number one source of carbohydrate contributing a quarter or more among younger and older toddlers. Noodles were also major sources of carbohydrate. Rice and noodles together accounted for 27 to 40 % of carbohydrate intake among the children. Other important sources of carbohydrate were infant cereal among infants, pancakes/sesame seed cakes, bread/biscuits and apples/ applesauce among the children. Table 5 shows changes in the sources of dietary fibre for the different age groups. Among infants 6 to 11 months, the number one source of dietary fibre was apples/applesauce and infant formula was number two, Infant formula and breast milk together contributed nearly 60 % of the fat in the diets of infants (32 % and 28 % respectively) ( Table 6 ). Growing-up milk and milk together contributed 30 and 21 % of fat among the younger and older toddlers respectively. Oil/other fats, pork were also in the top 5 infant sources of fat, and became more important in the diets of toddlers. By age 24 to 35 months, pork was the number one (23 %) and oil/ other fats the number two (17 %) source of fat. These two foods together contribute 38 % of the fat in the diet of younger toddlers. Eggs were also major sources of fat among the children (Table 6 ). Cholesterol is not a concern among children in these age groups; however, top sources of cholesterol in the diet were eggs, fish/shellfish/shrimps and pork.
Micronutrients
The top 5 food sources of energy were also major contributors to the intakes of a number of vitamins and minerals as shown by Fig. 2 with more pronounced contributions seen among infants contributing from 79 to 53 %. The contribution of the top 5 food sources of energy to the intakes of micronutrients was reduced among older toddlers, however, still contributed 50 % or more to most micronutrient intakes among younger toddlers (Fig. 2) .
Infant formula and growing-up milk were the number one sources of iron among infants and toddlers, contributing nearly one third of the daily intake among infants, 27 % to younger toddlers and 12 % to older toddlers ( Fig. 2 and Table 7 ). Rice was the number two source among both younger and older toddlers. Other important sources of iron were eggs, infant cereal, noodles and rice among infants, noodles and eggs among younger and older toddlers. Root vegetables and soy/tofu/meat became major sources of iron among older toddlers ( Table 7) .
Infant formula and growing-up milk were the number one sources of zinc among infants and younger toddlers ( Fig. 2 and Table 8 ). Among older toddlers, rice was the number one source of zinc, followed by growing-up milk. Other important sources of zinc were breast milk, infant cereal and eggs among infants, eggs and pork among toddlers ( Fig. 2 and Table 8 ). In addition, infant formula or growing-up milk was the number one source of calcium contributing 44 % among infants, and nearly 50 % among younger toddlers. Growing-up milk combined with other milk contributing 47 % to calcium intake among older toddlers ( Fig. 2 and Table 9 ). Other major sources of calcium were infant cereal and breast milk among infants and eggs and fish/shellfish/shrimps among toddlers (Table 9) .
For selenium, eggs were the number one source among all children, followed by infant formula, noodles and fish/ shellfish/shrimps among infants, and fish/shellfish/shrimps, growing-up milk and noodles and pork among toddlers (Table 10 ). For sodium, the number one source was the salt added during home cooking contributing the vast majority: 60 % of the total sodium intake among infants and about 80 % among toddlers (Table 11 ). The number two sources of sodium were infant formula, contributing 14 % to the diets of infants and growing-up milk contributing 3-5 % to the diets of toddlers. For all children in the study, infant formula and growingup milk were the number one sources of vitamin A, vitamin C, thiamine, riboflavin, vitamin B6 ( Fig. 2 and Tables 12  and 13 . Data for thiamine, riboflavin and vitamin B6 are not shown). Eggs were commonly eaten and were major sources of vitamin A, thiamine, riboflavin and folate. For folate, eggs were the number one source (Table 14) . With age, the contribution of growing-up milk to vitamin C intake was reduced ( Fig. 2 and Table 13 ) but citrus fruits began to make a contribution to vitamin C ranging from 4 % among infants to 10 and 14 % among younger and older toddlers respectively (Table 13 ). Among toddlers, Chinese cabbage was also an important source of vitamin C contributing about 7 to 10 %, indicating that Chinese cabbages were commonly consumed by this population.
Dietary supplements made substantial contributions to the overall intakes of several vitamins and minerals (Fig. 3) . Supplements were the number two or number three sources of vitamin A among the children contributing between 22 to 25 % (Fig. 3 and Table 12 ). Supplements were also the major sources of iron, zinc and calcium among all children ( Fig. 3 and Tables 7,  8 and 9 ). To a lesser extent, supplements contributed to the intakes of thiamine, riboflavin, vitamin B6 and vitamin C (Fig. 3) .
Discussion
To our knowledge, this was the first study conducted in China to describe, in detail, the sources of energy and nutrients from the diets of infants and toddlers. Our previous analyses of nutrient intakes among these children found potential risks for inadequate intakes of fat, vitamin B6, folate, iron and selenium and excessive intakes of vitamin A and sodium [18] . The present study provides further insights on those findings.
Majority of energy and nutrients come from few foods
The findings of the study show that relatively few foods provide the majority of energy and nutrients in the diets of young Chinese children. The top five foods for energy provided about 70 % of energy among infants and more than 50 % energy intake among toddlers. Infant formula and growing-up milk were important sources of many key nutrients. Indeed, in this study infant formula and growing-up milk made significant contributions to the intakes of all the nutrients described, and were the number one or two sources for most of the nutrients we assessed. However, after the contribution from milks, the next two key contributors of energy were predominantly refined carbohydrate containing foods, rice and noodles, which provided 17 to 25 % of total energy intake. Given the low protein content of rice and noodles, the fact that these two foods, taken together, contributed about 13 to 16 % of protein intake among the young children suggests that these foods were frequently consumed and consumed in a significant amount. Presently, the rice consumed in China is refined white rice that is not enriched or fortified. Noodles are also made of refined wheat flour that is not fortified. Therefore, they are relatively poor sources of many important nutrients. Due to the widespread consumption of rice and noodles in this population, rice actually was the top one or two sources for iron and zinc. In addition, noodles were also among the major sources for thiamine, iron and selenium. When foods that are poor sources of nutrients become major sources in the diet, it is quite reasonable to speculate that risk of nutrient shortfall could exist. A recent review reported that anaemia prevalence of children under 5 years old in China was 11.3 % in 2005 [19] and the peak of anaemia prevalence was between infants aged 6 to 12 months [20] . In this study, growing-up milk remained to be one of the major contributors to energy and many nutrients among toddlers, which indicated that growing-up milk was commonly consumed among toddlers of the study. In comparison, in the diets of US infants and toddlers [6] , the contribution of infant formula or growing-up milk to energy and nutrients declines steadily as children age and drops out of top five sources among toddlers. Optimally, when the intake of growing-up milk is reduced in older toddlers, it should be replaced with nutrient rich foods such as milk, eggs and meat, but in reality, the children were consuming a large portion of energy from rice and noodles, two nutrient poor foods. Education is needed on the nutrient rich foods that toddlers should be consuming, such as milk, meat and fish, vegetables and fruits, especially as the amount of growing-up milk, a major nutrient contributor, is reduced.
The fact that the majority of energy and nutrients come from few foods also implies that the variety of food consumed by these young children was limited. Eating a variety of food is essential to achieve adequate intake of macro-and micronutrients to meet nutritional needs. In addition, it is critical to expose infants to a wide variety of healthy foods, as it has been found that infants exposed to a variety of solid foods more readily accept new foods compared to infants exposed to a monotonous solid diet [21] . Food preferences established during childhood persists during adulthood [22] . Our findings point out the need to counsel caregivers of young children in China on how to select and serve a variety of nutrient rich foods to improve nutrient intakes of young children and teach healthy eating habits. This is especially important among the infants aged 6-11 months, but also for toddlers, as they are transitioning from reliance on infant formulas and growing-up milk to the family meals.
Another important finding of this study was that dietary supplements were significant contributors to the intakes of many nutrients, especially for the intakes of vitamin A, vitamin B6, calcium, iron and zinc (Fig. 3) . This was particularly important for this population whose diets contained significant amounts of refined rice [19] . However, excessive intake of vitamin A was observed in our previous analysis on nutrient intakes of this population [18] . In this study, the contributions of supplements to vitamin A intake were substantial: 22 to 25 % (Table 12) . Although supplements may be beneficial to prevent nutrient deficiencies [23] , it is also important to understand that the majority of nutrient intakes should be consumed as part of a normal diet composed of a variety of food groups and in that way the potential risk of excessive nutrient intakes can be avoided.
Fruit and vegetable intakes needs improvement
In this study, infant formula or growing-up milk was the number one source of vitamin C for all age groups and it was remarkable to see that even among infants 12-23 months, growing-up milk contributed 43 % of vitamin C. Chinese cabbages were also among the major contributors to vitamin C intake reflecting its widespread consumption. However, the fact that a large part of the vitamin C and folate intakes was from infant formula, growing-up milk or eggs suggests that the contribution of fruits and vegetables to micronutrient intakes in the diets of these Chinese infants and toddlers was not optimal. Fruits and vegetables are not only excellent natural sources of micronutrients [24, 25] but also associated with reduced risk of chronic diseases later in life [26] [27] [28] . Infancy and early childhood are critical periods for forming lifelong dietary habits [29] . Therefore, public health workers should encourage caregivers of young children to increase the consumption of fruits and vegetables among infants and toddlers to meet nutrient requirements as well as develop healthy dietary habits.
Strength and limitation
The strength of this study is that it used a much more detailed food group classification method than any previous studies conducted among infants and toddlers in China and so was able to describe the sources of energy and a number of key nutrients in detail. However, we are aware that this study has some limitations. First, data for food consumption of these infants and toddlers relied totally on self-reports of caregivers and the information was only collected using a single 24-h dietary recall. The approach of using 1 day of intake to gain insight into food sources of energy and nutrients assumes that the diet on that day is representative or typical of habitual intake, and some evidence suggests that dayto-day variation is much less in the diets of infants and toddlers than among older children and adults [30] . Secondly, this study was conducted among infants and toddlers recruited from the maternal and child care centres in selected cities in China, including the three most industrialised cities, and was not a nationally representative sample. Therefore, sample weights or other sampling adjustments were not applied. Some children may come from better-off families indicated by the reported household income. Therefore the data may represent the children from more developed urban areas rather than the general population of infants and toddlers in China. Thirdly, although the subjects of the study were recruited from a wide-spread of geographic locations in China, food consumption of children from different regions could be different but this was not investigated in the present study.
Conclusions
This study provides important insights from an analysis of food sources of energy and nutrients in the diets of infants and toddlers recruited from the maternal and child care centres in 8 cities in China. The results show that few foods made up the core of the diets of infants and young toddlers and a large proportion of energy was from low-nutrient dense foods (rice and noodles), which potentially could lead to inadequate intakes of some key nutrients. The intakes of more nutrient dense foods including fruits and vegetables, milk and meat should be encouraged. Information from this study could be used for the development of various public health strategies to improve diet quality and address nutrient shortfalls in the diets of this vulnerable population.
